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(54) [Title of the Invention] Miller Cycle Engine 
(57) [Abstract] (Corrected) 

[Object] To provide a Miller Cycle engine capable of greatly reducing intake constriction 
loss by means of an intake valve and a rotary valve and suppressing increases in temperature 
of the air supply at the bottom dead point of compression due to constriction loss, lowering 
the combustion temperature by reducing the temperature at the bottom dead point of 
compression, suppressing knocking found in Otto Cycle engines, as well as to achieving 
increased output and high-temperature efficiency, preventing NOx that occurs in Diesel 
engines, and reducing the thermal load and mechanical load. 

[Constitution] Miller Cycle engine having a rotary valve 4 arranged in the intake passage 3 
of an engine 1 equipped with an intake valve and an exhaust valve, with the closing period 
able to be set after the bottom dead point of the intake stroke, and the closing period of the 
intake valve 17 is set at 60° to 1 10° after the bottom dead point of the compression stroke, 
and capable of bringing the pumping loss to nearly zero, reducing the compression 
temperature of the engine, suppressing knocking even at high expansion ratios in Otto Cycle 
engines, reducing the compression pressure and compression temperature in Diesel engines, 
reducing the combustion temperature and reducing NOx, and maintaining a high volume 
ratio at both high speeds and low speeds, and obtaining high output. 

[Claims of the Invention] 

[Claim 1] Miller Cycle engine characterized in having a rotary valve arranged in the intake 
passage of an engine equipped with an intake valve and an exhaust valve, with the closing 
period able to be set after the bottom dead point of the intake stroke, in response to the 
operating state of the engine, and in addition, the closing period of said intake valve is set at 
60° to 1 10° after the bottom dead point of the intake stroke. 

[Claim 2] Miller Cycle engine of Claim 1 , characterized in that the operating state of the 
engine is in terms of the load. 

[Claim 3] Miller Cycle engine of Claim 1 , characterized in that the engine is an Otto Cycle 
engine, and the operating state of the engine is in terms of the occurrence of knocking. 

[Claim 4] Miller Cycle engine of Claim 1, characterized in that the engine is a Diesel 
engine, and the operating state of the engine is in terms of a specified pressure not exceeding 
the allowable maximum pressure. 
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[Detailed Description of the Invention] 



[0001] 

[Industrial Field of the Invention] The present invention relates to a Miller Cycle engine, 
and in particular, the present invention relates to a Miller Cycle engine capable of greatly 
reducing intake constriction loss by means of an intake valve and a rotary valve and 
suppressing increases in temperature of the air supply at the bottom dead point of 
compression due to constriction loss, lowering the combustion temperature by reducing the 
temperature at the bottom dead point of compression, suppressing knocking found in Otto 
Cycle engines, as well as to achieving increased output and high-temperature efficiency, 
preventing NOx that occurs in Diesel engines, and reducing the thermal load and mechanical 
load. 

[0002] 

[Prior Art] The so-called Miller Cycle engine is effective in substantially reducing the 
compression ratio, and has two types, namely, the "early closing" type in which the intake 
passage is closed ahead of the bottom dead point of the intake stroke, and the "late closing" 
type in which [text appears to be missing] after the bottom dead point of the intake stroke. 
In "early closing" systems, there are those in which the intake valve itself accomplishes the 
"early closing," and there are those in which the closing period of the intake valve typically 
involves closing at 40°-60° after the bottom dead point of the intake stroke, while a rotary 
valve provided at the intake passage closes the intake passage at 0°-90° ahead of the bottom 
dead point of the intake stroke. Furthermore, in "late closing" systems, closing is carried out 
only .by the intake valve at 60°- 1 10° after the bottom dead point of the intake stroke. 

[0003] First, we will discuss the early closing type that utilizes the intake valve. The intake 
valve must maintain its valve acceleration rate within allowable limits, and must open or 
close relatively smoothly together with the rotation of the crank shaft. Thus, the intake stroke 
is carried out with the intake valve having little lift before closing, and with the intake 
passage having a smaller area, so the intake valve constricts the intake stream. In FIG. 4, if 
the intake valve closes at point b, the air within the cylinder starts to undergo adiabatic 
expansion from point b in FIG. 5, reaching the bottom dead point c, and entering the 
compression stroke, but it does not reach the top dead point of the compression stroke of 
point d, and, actually, due to the aforementioned constriction, as shown by the dashed line in 
FIG. 5, constriction loss occurs for the area bounded by points a-c-b, with the result that not 
only is the thermal efficiency of the engine reduced by the amount of that loss, but also, the 
energy of said constriction loss raises the air temperature at point c, leading to a further 
increase in the air temperature at the top dead point of the compression stroke (point d in 
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FIG. 5), which is an insufficient method for suppressing knocking in Otto Cycle engines. In 
order to impart adiabatic expansion from point b in FIG. 5, the intake valve must be closed at 
time 0, as shown by the 2 points where the dotted line connects points a and b in FIG. 4, but 
this is the ideal, and not the real. Furthermore, the valve lift curve, that is, the open valve 
area undergoes changes as shown in the solid line in FIG. 4, but the product of the open valve 
area multiplied by the time (crank shaft angle of rotation) decreases as the valve opening 
period is caused to be earlier, and as the rotational speed of the engine increases, the 
constriction loss increases further by the area y bounded by a-f-g contained by the dashed 
line in FIG. 5. Accordingly, as the engine performance at high speeds decreases, the 
temperature at the beginning of the compression stroke and the temperature at the top dead 
point of the compression stroke is raised, as shown by point f in FIG. 5, which not only 
decreases the Miller Cycle Effect, but sometimes promotes this deficiency, and has held back 
the popularity of Miller Cycle engines. Moreover, when this is applied to Diesel engines, 
increases in compression temperature lead to increases in combustion temperature, not only 
increasing the volume of NOx, but also increasing the temperature of the various parts of the 
engine, causing increased thermal stress, which has discouraged the more wide-spread use of 
Miller Cycle engines. 

[0004] In early closing systems that use a rotary valve, waste volume V 2 inevitably exists 
between intake valve 1 7 and rotary valve 4 in intake passage 3, as discussed later and shown 
in FIG. 2, and when rotary valve 4 closes early at point b in FIG. 6, adiabatic expansion 
occurs at the same time, as shown by solid line b-c in FIG. 6, with the internal volume Vi of 
cylinder 18 and said waste volume V 2 , intake valve 17 closes, and when the compression 
stroke starts, there is compression only in cylinder 18 with internal volume Vi, and the 
compression stroke proceeds along solid line c-e-d, and the area bounded by points b-c-e is 
wasted work. Moreover, constriction loss occurs in due to intake valve 77, just like in the 
early closing system, with the loss represented by the area bounded by the points a-c-e. Also, 
constriction loss increases as the engine speed increases, as shown by a-f-b containing the 
dashed lines in FIG. 6, and as before, the thermal efficiency of the engine decreases, and the 
compression temperature of the engine is raised, as shown by points d or h in FIG. 6, as in 
the early closing system, and there is a decrease in the capacity to suppress knocking, 
resulting in a significant decrease in high-speed engine performance. In addition, in the case 
of Diesel engines, the capacity to suppress NOx is decreased, for the same reason as 
described above. 

[0005] On the other hand, in the case of the late closing type using the intake valve, as 
shown by the thick solid line in FIG, 4, since the intake valve opens to about 70° after the 
bottom dead point of the intake stroke, intake is carried out up to the bottom dead point of the 
intake stroke, as shown in FIG. 7, and although the compression stroke is initiated from point 
b in FIG. 7, the air that entered cylinder 18 from open valve J 7 is heated within cylinder 18 
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and is pushed back into intake passage 3 again, and as a result, not only is the temperature of 
the air that is re-discharged into intake passaged increased, but also, the constriction loss that 
arises at this time for the reasons given above fluctuates due to the heat, and the temperature 
of the air that was pushed back into intake passage 3 is increased even more. Therefore, this 
high-temperature air enters cylinder 18 during the following intake stroke, unavoidably 
raising the temperature of the top dead point of compression, resulting in a reversal of one of 
the aims of the Miller Cycle engine, to reduce the temperature of the top dead point of 
compression. Furthermore, when the engine is running at high speed, there is an increase in 
pressure due to inertia supercharging at the bottom dead point of the intake stroke, as shown 
by the dashed line in FIG. 7, and in the following compression stroke, there is an increase of 
the flow resistance of air returning to the intake passage 3 side through intake valve 1 7 which 
is open, so the pressure within the cylinder increases, as shown by the dashed line b-e in FIG. 
7. Accordingly, as a result of the increased compression pressure during high-speed running, 
the compression stroke fluctuates as shown by points b-e-f along the double-dashed line from 
the actual high point b, and compression starts from point c in FIG. 7 in accordance with the 
Miller Cycle, fluctuating up to point d as in the solid line, which is a great departure from the 
original aim, which was to decrease the compression pressure and the compression 
temperature. 

[0006] 

[Problems to be Solved by the Invention] The present invention was proposed with the 
aim of resolving the deficiencies of conventional Miller Cycle engines as described above, 
and has as its object to provide a Miller Cycle engine that brings the pumping loss that was a 
problem in conventional Miller Cycle engines to nearly zero, thereby reducing the 
compression temperature of the engine, to suppress knocking even at high expansion ratios in 
Otto Cycle engines, to reduce the compression pressure and compression temperature in 
Diesel engines, thereby reducing the combustion temperature and reducing NOx, and 
maintaining a high volume ratio at both high speeds and low speeds, to obtain high output. 

[0007] 

[Means for Solving These Problems] In order to achieve said objectives, the present 
invention Miller Cycle engine is characterized in having a rotary valve arranged in the intake 
passage of an engine equipped with an intake valve and an exhaust valve, with the closing 
period able to be set after the bottom dead point of the intake stroke, in response to the 
operating state of the engine, that is, in response to knocking during times of high load in 
Otto Cycle engines, and in response to the load in times of other levels of load, as well as in 
response to the air supply pressure due to a supercharger in a Diesel engine, and in addition, 
the closing period of said intake valve is set at 60° to 1 10° after the bottom dead point of the 
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compression stroke. 



[0008] 

[Operation of the Invention] In the present invention Miller Cycle engine as described 
above, by having, for example, an "early closing rotary valve" and a "late closing intake 
valve" the rotary valve closes at point c in FIG. 8 in the intake stroke, but since the intake 
valve is open in the following intake stroke, the total of said internal volume Vi of the 
cylinder and said waste volume V 2 results in volume expansion, and the pressure at the 
bottom dead point is point b which is higher than point f , and from this point the compression 
stroke starts. Even once the compression stroke starts, said volume total \ x + V 2 starts to be 
compressed, since the late closing intake valve is open, tending toward a low compression 
ratio at point e, and the pressure increases, but at point c the intake valve closes, whereinafter 
only said internal volume Vi of the cylinder decreases, so that the compression stroke is 
completed from point c to point d. At this point d, the pressure at the top dead point of 
compression is identical to the pressure at the top dead point of compression in the 
conventional rotary valve early closing type, but in early closing systems where there is only 
a rotary valve, the rotary valve closing period is not at point c, but rather at point g, leading to 
the expansion of the aforementioned Vi + V 2 , with expansion from point g to point f along 
the dotted line. From point f, only said \ t is compressed, via point c to point d, and in this 
case, the effective volume of the open valve is shown by the area in the upper part of FIG. 8 
shaded with diagonal lines falling to the right. On the other hand, in the system of the 
present invention, due to the fact that the rotary valve is closed at point c as described above, 
the effective volume increases, as shown by the area of FIG. 8 shaded with horizontal lines. 
Thus, not only is there a decrease in constriction loss in the rotary valve 4, but the pumping 
loss at this time is represented by the area bounded by points a-b-c in the lower portion of 
FIG. 8, and this is clearly lower than the conventional pumping loss represented by the area 
bounded by a-f-g, and due to pumping loss, the temperature of point b of the bottom dead 
point is lower than the temperature of point f, so the temperature of the bottom dead point of 
compression, that is, the temperature of point d, is lowered. 

[0009] 

[Working Example] FIG. 1 is an overall structural diagram of a working example of the 
present invention. A present invention engine 1 drives a load (not depicted) via a 
transmission (not depicted) by means of a crank shaft 2, but a rotary valve 4 is disposed in 
the intake passage 3 of said engine 7, and said rotary valve 4 is constructed so as to be driven 
by a crank gear 5 and a timing gear 6 via a rotating shaft 7, and the opening and closing 
timing is adjusted by means of a valve timing adjustment device 11 consisting of an 
adjustment drive mechanism S, an actuator 9, and a controller 10, and disposed at the rotating 
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shaft 7. It should be noted that 12 is a knock sensor mounted in the engine 1 and used in Otto 
Cycle engines. This detects knocking, and it transmits signals through a signal line 13 to the 
actuator 9 via said controller 10. Furthermore, 14 is a pressure sensor which detects the air 
supply pressure, and it transmits signals through a signal line 15 to the actuator 9 via said 
controller 10. 

[0010] As shown in FIG. 2, the rotary valve 4 is integral with the rotating shaft 7 and freely 
rotates within a valve body Id formed in the intake passage 3 of the engine J. 7a is a pin for 
immobilizing the rotary valve 4 on the rotating shaft 7. It should be noted that the valve 
opening and closing periods of the rotary valve 4 are set at 90° each. Here, the rotating shaft 
7 is constructed to be driven by the crank gear 5 and the timing gear 6 at a speed of Vz the 
rotational speed of the crank shaft, so that the valve opening period of the rotary valve 4 is 
about 180°, which is the angle of rotation of the crank shaft, and identical to the intake valve 
17. It should be noted that 18 is a cylinder of the engine 1. As shown in FIG. 3, the valve 
timing adjustment device 11 is such that a right screw spline 19a is formed at the end of one 
shaft 19 that forms the rotating shaft 7, and a left screw spline 20a is formed facing the right 
screw spline 19a at the end of the other shaft 20, and a protuberance 8a is engaged across 
these two splines 19a, 20a, and formed in the inner surface of the adjustment drive 
mechanism 8. Also, a recess 8b is formed on the outer surface of the adjustment drive 
mechanism 8, and by moving to the right and to the left an adjustment lever 21, the end of 
which engages with the recess 8b, it is possible to change the opening and closing period of 
the rotary valve 4 by changing the angular position of the of the shaft 20 with respect to the 
shaft 19. 

[001 1] The operation of the present invention Miller Cycle engine with the above-described 
mechanism is described in FIG. 8 and FIG. 9, while comparing it to the prior art. First, in 
Miller Cycle engines of the ordinary intake valve early closing type, intake starts from point 
a, the top dead point of the intake stroke, and when the intake valve closes at point c, only 
internal volume Vi of the cylinder undergoes adiabatic expansion, and point f is the bottom 
dead point of the intake stroke. Then, the compression stroke starts from point f, and 
adiabatic compression starts, returning to the pressure and temperature of intake at point c, 
and the compression stroke progresses, with the top dead point of the compression stroke at 
point d. The effective open valve area at this time is the area in the upper part of FIG. 8 
shaded with diagonal lines falling to the right, and the pumping loss generated by this small 
area is represented by the area bounded by points a-f-c in the lower part Of FIG. 8, but due to 
this loss, there is a rise in the temperature at point f. On the other hand, in a Miller Cycle 
engine of the early closing type that uses a rotary valve, intake begins a point a, the top dead 
point of the intake stroke, and when the rotary valve closes at point g, the intake stroke 
progresses, while there is adiabatic expansion in both volume Vi and V 2 , and the intake valve 
closes at the bottom dead point f, and in the compression stroke that starts from point f, only 
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internal volume Vi of the cylinder is compressed, with the intake pressure at point c, with 
point d being the top dead point of the compression stroke. Pressure fluctuations within the 
cylinders at the intake stroke above are the areas represented in the upper part of FIG. 8 
shaded with diagonal lines falling to the right, which are the effective areas formed by the 
rotary valve and the intake valve as described above. Thus, the pumping loss represented by 
the area bounded by points a-f-g in the lower part of FIG. 8 occurs due to the constriction 
generated by the rotary valve, and this results either only in a decrease in thermal efficiency 
of the engine, or also knocking in the case an Otto Cycle engine, with the loss converted into 
heat and the temperature rising at point f in proportion to the adiabatic expansion starting 
from point c, which raises the temperature at the top dead point of the compression stroke, 
and in the case of a Diesel engine; the combustion temperature rises, causing an increased 
volume of NOx. 

[0012] By contrast, in the present invention Miller Cycle engine, by virtue of the 
aforementioned construction, in which there is, for example, an "early closing rotary valve" 
and a "late closing intake valve," the rotary valve 4 closes at point c in FIG. 8 in the intake 
stroke, but since the intake valve J 7 is open in the following intake stroke, the total of said 
internal volume Vi of the cylinder 18 and said waste volume V 2 results in volume expansion, 
and the pressure at the bottom dead point is point b which is higher than point f, and from 
this point the compression stroke starts. Even once the compression stroke starts, said 
volume total Vi + V 2 starts to be compressed, since the late closing intake valve J 7 is open, 
tending toward a low compression ratio at point e, and the pressure increases, but at point c 
the intake valve 17 closes, whereinafter only said internal volume V! of the cylinder 18 is 
compressed, so that the compression stroke is completed from point c to point d. At this 
point d, the pressure at the top dead point of compression is identical to the pressure at the 
top dead point of compression in the conventional rotary valve early closing type, but the 
closing period of the rotary valve 4 is from point g to point c in FIG. 8, and the effective 
volume increases, as shown by the area of FIG. 8 shaded with horizontal lines. Thus, not only 
is there a decrease in constriction loss in the rotary valve 4, but the pumping loss at this time 
is represented by the area bounded by points a-b-c in the lower portion of FIG. 8, and this is 
clearly lower than the conventional pumping loss, and due to pumping loss, the temperature 
of point b of the bottom dead point is lower than the temperature of point f, so the 
temperature of the bottom dead point of compression, that is, the temperature of point d, is 
lowered. It should be noted that in FIG. 8, the dotted and dashed line b-i indicates the 
changes in pressure when only said internal volume Vi of the cylinder is compressed, 
showing that the intake value at point h is identical, and the volume represented by the line c- 
h is discharged again to the waste volume V 2 side, but in the case of late closing, but it is less 
than the volume for the line c-j, and to the re-discharge from the hot cylinder 18 to the intake 
side, there is little increase in temperature of the air in the intake passage 3. Furthermore, 
even if the intake valve J 7 is late closing, as long as the rotary valve 4 is early closing, there 
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is no inertia supercharging, which is a problem at high speeds. Thus, in comparison with 
conventional early closing or late closing Miller Cycle engines, constriction loss and 
pumping loss can be reduced, the compression temperature can be reduced, knocking can be 
prevented, and NOx can be suppressed. 

[0013] FIG. 9 shows cases where the closing period of the rotary valve 4 and the closing 
period of the intake valve 77 are not in agreement. The top of FIG. 9 shows the case where, 
for example, the closing period of the intake valve 17 is 70° after the bottom dead point, 
while the closing period of the rotary valve 4 is 30° before the bottom dead point, but intake 
starts at point a, and the rotary valve 4 closes at point c, and even if the compression stroke 
starts at the bottom dead point of point b, and the intake valve 17 closes at point d, as the 
dotted and dashed line of FIG. 9 shows, by closing the rotary valve 4 at point h at 90° before 
the bottom dead point, the pumping loss, in comparison with the conventional Miller Cycle 
engine, forms the area bounded by the points a-b-c at the top of FIG. 9, which is clearly 
smaller than the area bounded by the points a-f-g of a conventional case. Likewise, as shown 
in the bottom part of FIG. 9, even in the case where the closing period of the intake valve 1 7 
is 90° after the bottom dead point, while the closing period of the rotary valve 4 is 120° 
before the bottom dead point, the area bounded by the points a'-b'-c' is clearly smaller than 
the area bounded by the points a'-F-g', and in both cases, the pumping loss is small and the 
performance of the Miller Cycle engine is increased. 

[0014] 

[Advantageous Effects of the Invention] Since the present invention Miller Cycle engine 
is characterized in having a rotary valve arranged in the intake passage of an engine equipped 
with an intake valve and an exhaust valve, with the closing period able to be set after the 
bottom dead point of the intake stroke, in response to the operating state of the engine, and in 
addition, the closing period of said intake valve is set at 60° to 1 10° after the bottom dead 
point of the intake stroke, it has the advantageous effect of being able to provide a Miller 
Cycle engine that brings the pumping loss that was a problem in conventional Miller Cycle 
engines to nearly zero, thereby reducing the compression temperature of the engine, to 
suppress knocking even at high expansion ratios in Otto Cycle engines, to reduce the 
compression pressure and compression temperature in Diesel engines, thereby reducing the 
combustion temperature and reducing NOx, and maintaining a high volume ratio at both high 
speeds and low speeds, to obtain high output. 

[Brief Description of the Drawings] 

[FIG. 1] Overall view of the structure of the present invention Miller Cycle engine. 



9 



[FIG. 2] Detailed sectional view of the primary parts of FIG. 1 . 

[FIG. 3] Sectional view of the valve timing adjustment device in the present invention 
Miller Cycle engine. 

[FIG. 4] Graph showing the relationship between the crank shaft angle of rotation and the 
valve lift i.e., effective valve area, for closing times with an intake valve and with a rotary 
valve. 

[FIG. 5] Graph showing the stroke volume - internal cylinder pressure in a conventional 
Miller Cycle-engine controlled by the early closing of an intake valve. 

[FIG. 6] Graph showing the stroke volume - internal cylinder pressure in a conventional 
Miller Cycle engine controlled by the early closing of a rotary valve. 

[FIG. 7] Graph showing the stroke volume - internal cylinder pressure in a conventional 
Miller Cycle engine controlled by the late closing of an intake valve. 

[FIG. 8] Graph showing the relationship between the crank shaft angle of rotation and the 
valve life i.e., effective valve area, comparing with the conventional system with the control 
system of the present invention Miller Cycle engine with closing periods for an intake valve 
and a rotary valve, and a graph showing the stroke volume - internal cylinder pressure in a 
present invention Miller Cycle engine. 

[FIG. 9] Graph showing the stroke volume - internal cylinder pressure in another example 
of a present invention Miller Cycle engine 

1 ... Engine 

2 ... Crankshaft 

3 ... Intake passage 

4 ... Rotary valve 

5 ... Crank gear 

6 ... Timing gear 

7 ... Rotating shaft 

8 ... Adjustment drive mechanism 

9 ... Actuator 

10 ... Controller 

11 ... Valve timing adjustment device 

12 ... Knock sensor 
13,15 ... Signal lines 
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14 . . . Pressure sensor 

16 ... Valve body 

17 ... Intake valve 

18 ... Cylinder 
19,20 ... Shaft 

21 ... Adjustment lever 



/Key to Drawings/ 



FIG. 4 

(1) Valve lift/Effective valve area 

(2) Crank shaft angle of rotation 

(3) Exhaust valve 

(4) Early closing by rotary valve 

(5) Early closing by intake valve 

(6) Intake valve (standard) 

(7) Late closing by intake valve 

(8) Top dead point 

(9) Bottom dead point 

FIG. 5 



(1) Cylinder internal pressure 

(2) Stroke volume 

(3) Top dead point 

(4) Bottom dead point 

FIG. 6 

(1) Cylinder internal pressure 

(2) Stroke volume 

(3) Low speed 

(4) High speed 

FIG. 7 

(1) Cylinder internal pressure 

(2) Stroke volume 



FIG. 8 



(1) Valve life/Effective valve area 

(2) Cylinder internal pressure 

(3) Stroke volume 

(4) Rotary valve 

(5) Intake valve 

(6) Top dead point 

(7) Crank shaft angle of rotation 

(8) Bottom dead point 

FIG. 9 

(1) Cylinder internal pressure 

(2) Cylinder internal pressure 

(3) Stroke volume 

(4) Top dead point 

(5) Bottom dead point 

(6) Intake valve closing period 



